
US 20030086503A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2003/0086503 A1 

Rennert et al. (43) Pub. Date: May 8, 2003 

(54) APPARATUS AND METHOD FOR PASSING (52) US. Cl. ............................................................ .. 375/260 
LARGE BITWIDTH DATA OVER A LOW 
BITWIDTH DATAPATH 

(57) ABSTRACT 
(75) Inventors: Jens Rennert, Santa Clara, CA (US); 

Santanu Dutta, Sunnyvale, CA (US) 
A circuit arrangement and technique are provided for pass 

Correspondence Address: ing N-bit digital data using an M-bit datapath, M being less 
COFPOI'aIE Patent CPunSel _ than N. Aplurality of N-bit Words is arranged for transfer in 
Phlhps North _Amenca Corporatlon tWo portions. A ?rst portion of each of the plurality of Words 
580 Whlte Plams Road is transferred in M-bit groups. At least one other bit group 
Tarrytown’ NY 10591 (Us) is transferred, including bits from the second portions of at 

(73) Assigneez Koninklijke Philips Electronics N-V- least tWo of the plurality ‘of Words. After ‘transfer, each first 
portion is reassembled With a corresponding second portion 

(21) APPL NO; 10/005,942 into respective N-bit Words. The digital data is arranged for 
transfer at one rate, and transferred at a second rate at least 

(22) Filed; Nov_ 8, 2001 as fast as the ?rst rate. In one embodiment, X Words of data 
are transferred from one storage element While another X 

Publication Classi?cation Words are arranged for transfer in another storage element. 
In a more particular embodiment, 10-bit data is passed over 

(51) Int. Cl.7 ........................... .. H04K 1/10; H04L 27/28 a standard 8-bit digital visual interface. 

GRANM 
QNTELR 

,Lm 44,0 i'bo v1.1. 



Patent Application Publication May 8, 2003 Sheet 1 0f 5 US 2003/0086503 Al 

d 6Q 

o: 

/ 

ON, 

at :2 rd » we. 0m. om: isqzu \ ‘5.5 \ ~30 .Sjo A A130 

8 

3. ~ 7 \_ \ 

%?\ \ 

Aw“ UwQSK Arm ¥3 0 .6 “IE; AWN $252M AWW¢ A\ \ M 
#omh?. .5 m \m mat/Fr mQiLl a @001 W: m $0£H Mr. 2 

I ma. mdpt wP m@ 

D: 



Patent Application Publication May 8, 2003 Sheet 2 0f 5 US 2003/0086503 A1 

02 



Patent Application Publication May 8, 2003 Sheet 3 0f 5 US 2003/0086503 A1 

m ii!» 

2m 







US 2003/0086503 A1 

APPARATUS AND METHOD FOR PASSING 
LARGE BITWIDTH DATA OVER A LOW 

BITWIDTH DATAPATH 

FIELD OF THE INVENTION 

[0001] The present invention is directed to digital data 
processing, and more particularly, digital data communica 
tions techniques. 

BACKGROUND 

[0002] Ongoing demands for more-complex circuits have 
led to signi?cant achievements that have been realiZed 
through the fabrication of very large-scale integration of 
circuits on small areas of silicon Wafer. These complex 
circuits are often designed as functionally-de?ned blocks 
that operate on a sequence of data and then pass that data on 
for further processing. This communication from such func 
tionally-de?ned blocks can be passed in small or large 
amounts of data betWeen individual integrated circuits (or 
“chips”), Within the same chip and betWeen more remotely 
located communication circuit arrangements and systems. 
Regardless of the con?guration, the communication typi 
cally requires closely-controlled interfaces to insure that 
data integrity is maintained and that chip-set designs are 
sensitive to practicable limitations in terms of implementa 
tion space and available operating poWer. 

[0003] Computer arrangements, including microproces 
sors and digital signal processors, have been designed for a 
Wide range of applications and have been used in virtually 
every industry. For a variety of reasons, many of these 
applications have been directed to processing video data. 
Many digital video processing arrangements are increas 
ingly more complex to perform effectively on a real-time or 
near real-time basis. With the increased complexity of 
circuits, there has been a commensurate demand for increas 
ing the speed at Which data is passed betWeen the circuit 
blocks. Many of these high-speed communication applica 
tions can be implemented using parallel data interconnect 
transmission in Which multiple data bits are simultaneously 
sent across parallel communication paths. A typical system 
might include a number of modules (i.e., one or more 
cooperatively-functioning chips) that interface to and com 
municate over a parallel data bus, for example, in the form 
of a cable, other interconnect and/or via an internal bus on 
a chip. While such “parallel bussing” is a Well-accepted 
approach for achieving data transfers at high data rates, more 
recently, digital high-speed serial interface technology is 
emerging in support of a more-direct mode to couple digital 
devices to a system. 

[0004] One Digital Visual Interface (DVI) speci?cation 
provides a high-speed digital connection for visual data 
types that are display technology independent. DVI Was 
developed in response to the proliferation of digital ?at 
panel video displays, and a need to ef?ciently attach the 
?at-panel displays to a personal computer (PC) via a graph 
ics card. Coupling digital displays through an analog video 
graphics array (VGA) interface requires a digital signal be 
?rst converted to an analog signal for the analog VGA 
interface, then converted back to a digital signal for pro 
cessing by the ?at-panel digital display. The double-conver 
sion process takes a toll on performance and video quality, 
and adds cost. In contrast, no digital-to-analog conversion is 
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required in coupling a digital ?at-panel display via a digital 
interface. As digital video displays, such as ?at-panel dis 
plays and digital CRTs, become increasingly more prevalent, 
so do digital interfaces, such as the DVI interface. 

[0005] The DVI uses a high-speed serial interface imple 
menting Transition MinimiZed Differential Signaling 
(TMDS) to provide a high-speed digital data connection 
betWeen a graphics adapter and display. Display (or pixel) 
data ?oWs from the graphics controller, through a TMDS 
link (implemented in a chip on the graphics card or in the 
graphics chip set), to a display controller. TMDS conveys 
data by transitioning betWeen “on” and “off” states. An 
advanced encoding algorithm that uses Boolean exclusive 
OR (XOR) or exclusive NOR (XNOR) operations is applied 
to minimiZe the transitions. MinimiZing transitions avoids 
excessive Electro-Magnetic Interference (EMI) levels on the 
cable. An additional operation is performed to balance the 
DC content. Input 8-bit data is encoded for transfer into 
10-bit transition-minimized, DC-balanced (TMDS) charac 
ters. The ?rst eight bits are the encoded data, the ninth bit 
identi?es Whether the data Was encoded With XOR or 
XNOR logic, and the tenth bit is used for DC balancing. 

[0006] The TMDS interconnect layer consists of three 
8-bit high-speed data channels (for red, green, and blue pixel 
data) and one loW-speed clock channel. DVI alloWs for up 
to tWo TMDS links, each link being composed of three data 
channels for RGB information and having a maximum 
bandWidth of 165 MHZ. DVI provides improved, consistent 
image quality to all display technologies. Even conventional 
CRT monitors are implementing the DVI interface to realize 
the bene?ts of a digital link, a sharper video image due to 
feWer errors and less noise across the digital link. 

[0007] While a standard DVI connection handles 8-b 
digital data inputs (excluding TMDS encoding), some 
advanced hardWare and applications (e.g., digital TV, digital 
set-top boxes, etc.), particularly those for high-de?nition 
pictures calling for enhanced resolution, require communi 
cation of 10-bit digital data (excluding TMDS encoding). 
For example, digital data encryption protects digital data 
?oWing over a digital link from a video source (such as a PC, 
set-top box, DVD player, or digital VCR) to a digital display 
(such as an LCD monitor, television, plasma panel, or 
projector), so that the content cannot be copied. Data is 
encrypted at the digital link’s transmitter input, and 
decrypted at the links receiver output. HoWever, certain 
encryption techniques extend data bitWidths. High-band 
Width digital content protection (HDCP) adds tWo additional 
bits. For example, tWo bits are added during encryption to 
8-bit input data for a total of 10 bits. HDCP encryption adds 
tWo additional bits, for a total of 10 bits. TMDS encoded 
10-bit data for each of the three pixel components, R, G, and 
B for transfer using HDCP encryption requires another tWo 
bits, for a total of 12 bits. HoWever, no 10-bit (excluding 
TMDS encoding) DVI connection standard presently exists 
by Which to pass 10-bit data over a TMDS link. 

[0008] Accordingly, improving data transfer interfaces 
permit more practicable and higher-speed communication 
applications Which, in turn, can directly lead to serving the 
demands for high-speed circuits While maintaining data 
integrity. Various aspects of the present invention address 
the above-mentioned de?ciencies and also provide for com 
munication methods and arrangements that are useful for 
other applications as Well. 
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SUMMARY 

[0009] The present invention is directed to a digital data 
interface that addresses the above-mentioned challenges and 
that provides a method for communicating data having a 
bitWidth larger than the datapath’s bitWidth. The present 
invention is exempli?ed in a number of implementations and 
applications, some of Which are summariZed beloW. 

[0010] According to one eXample embodiment of the 
present invention, N-bit Word data is passed over an M-bit 
channel, M being less than N. Each N-bit Word has a ?rst 
portion and a second portion. The ?rst portion of each of a 
plurality of X Words is transferred in M-bit groups, and at 
least one other bit group that includes bits from the second 
portions of at least tWo of the X Words is also transferred. 
The second portion for each of the X Words is extracted from 
the transferred at least one other bit group and joined to the 
corresponding transferred ?rst portion to reassemble the 
N-bit Word data. 

[0011] According to other aspects of the present invention, 
the bit-length of the ?rst portion is an integer multiple of M. 
The bit-length of the second portion is less than M. The ?rst 
portion includes M bits of encoded information, and the 
second portion includes encoding and DC content balancing 
information. In one implementation, the at least one other bit 
group includes M bits. 

[0012] According to other aspects of the present invention, 
X is an integer and multiple of M/(N-M). According to a 
more speci?c eXample embodiment, the present invention is 
directed to a 10-bit digital data is passed over an 8-bit 
channel, and X is 4. In a further embodiment, the channel 
includes a standard Digital Visual Interface (DVI). The ?rst 
portion is typically a most-signi?cant bits portion, the sec 
ond portion being a least-signi?cant bits portion. In an 
alternate arrangement, the ?rst portion is the least-signi?cant 
bits portion, and the second portion is the most-signi?cant 
bits portion. 

[0013] In accordance With other aspects of the present 
invention, the N-bit Word data is stored in X locations at a 
?rst rate. Each location is N-bits Wide, each N-bit Word 
being stored in one of the X locations. Groups of the N-bit 
Word data are transferred from the X locations at a second 
rate. In one eXample implementation, the second rate is at 
least as fast as the ?rst rate. In a further eXample implemen 
tation, the second rate is faster than the ?rst rate. In a still 
further eXample implementation, the second rate is N/M 
time faster than the ?rst rate. The ?rst portion of each of X 
Words are transferred in a sequence corresponding to an 
order by Which each of X Words Was provided, according to 
another aspect of the present invention. 

[0014] According to a more speci?c eXample embodi 
ment, the present invention is directed to arranging, for 
transfer, a ?rst quantity of X Words in a ?rst storage element, 
the Words each having N-bits. While transferring the ?rst 
portion of each of the X Words and at least one other bit 
group, another quantity of X Words is arranged for transfer 
in another storage element. For each of the X Words, the 
second portion is eXtracted from the transferred at least one 
other bit group and joined to the corresponding transferred 
?rst portion. 

[0015] According to another eXample embodiment, the 
present invention is directed to an apparatus for passing 
N-bit Word data over an M-bit channel, M being less than N. 
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Each N-bit Word has a ?rst portion and a second portion. A 
?rst circuit arrangement is adapted to transfer the ?rst 
portion of each of X Words in M-bit groups. Asecond circuit 
arrangement is adapted to transfer at least one other bit 
group, including bits from the second portions of at least tWo 
of the X Words. A receive circuit arrangement is adapted to 
eXtract the second portion from the transferred at least one 
other bit group, and join the second portion to the corre 
sponding transferred ?rst portion for each of the X Words. 

[0016] Other aspects and advantages directed to speci?c 
eXample embodiments of the present invention. 

[0017] The above summary of the present invention is not 
intended to describe each illustrated embodiment or every 
implementation of the present invention. The ?gures and 
detailed description that folloW more particularly exemplify 
these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The invention may be more completely understood 
in consideration of the detailed description of various 
embodiments of the invention, Which folloWs in connection 
With the accompanying draWings. These draWings include: 

[0019] FIG. 1 illustrates a block diagram of an eXample 
interface incorporating a standard DVI interface, according 
to the present invention. 

[0020] FIG. 2 illustrates a general block diagram of an 
eXample interface betWeen an N-bit data stream and an 
M-bit datapath, according to the present invention. 

[0021] FIG. 3 illustrates a clock-relationship timing dia 
gram of an eXample interface betWeen an N-bit data stream 
and an M-bit datapath, according to the present invention. 

[0022] FIGS. 4-7 illustrate timing diagrams of an eXample 
interface shoWing synchroniZation betWeen data-provide 
and data-transfer operations, according to the present inven 
tion. 

[0023] While the invention is amenable to various modi 
?cations and alternative forms, speci?cs thereof have been 
shoWn by Way of eXample in the draWings and Will be 
described in detail. It should be understood, hoWever, that 
the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
DISCLOSED EMBODIMENTS 

[0024] The present invention is believed to be applicable 
to a variety of different types of digital communication 
applications, and has been found to be particularly useful for 
digital video interface applications bene?ting from a tech 
nique for passing relatively larger bitWidth data over a 
datapath having a relatively smaller bitWidth capability. 
More particularly, the present invention is believed to be 
applicable to digital datapaths Wherein a desire to commu 
nicate richer information via larger-bitWidth data, for 
eXample higher-resolution or encoded images, precedes 
implementation of digital communication channels and stan 
dards to accommodate such data. Various aspects of the 
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invention may be appreciated through a discussion of 
examples using these applications. 

[0025] According to a general example embodiment of the 
present invention, a circuit arrangement passes N-bit digital 
data over an M-bit datapath, M being less than N, using 
sWitching, multiplexing, and clocking logic to arrange the 
digital data into relatively smaller groups of data at a 
transmission end of the datapath. For example, the N-bit 
data is parsed into M-bit groups for transmission over the 
M-bit datapath. At least one group of data is arranged for 
transfer into a group comprised of bits extracted from a 
plurality of the input N-bit Words. The relatively smaller 
data groups are subsequently reassembled back into N-bit 
Words at a receiving end. 

[0026] A buffer arrangement, located across a clock 
domain boundary, is used at each end of the datapath for 
grouping and reassembly operations respectively. The trans 
fer clock domain is at least as fast as the clock domain 
feeding the transmission end of the datapath. Digital data is 
provided into the transmission buffer arrangement at one 
rate (e.g., Written according to a “Write clock), and trans 
ferred from the buffer for transmission over the communi 
cation channel at another, faster, rate (e.g., clocked out 
according to another, “read clock”). In one more speci?c 
arrangement, the percentage difference betWeen the input 
rate and the transfer rate is proportional to the percentage 
difference betWeen the bitWidth of the input digital data 
Words and the datapath bitWidth. The relatively smaller siZed 
digital data groups are transferred through the datapath at a 
faster rate, in compensation for the changes in bit throughput 
due to the reduced quantity of bits per transfer through the 
datapath. In one example implementation, the percentage 
difference betWeen bitWidths is compensated for by an 
equivalent increase in speed betWeen the ?rst (input) rate 
and the second (transfer) rate. For example, if the input data 
stream bitWidth is 25% larger than the datapath bitWidth, the 
transfer rate through the datapath (e.g., read clock) is 25% 
faster than the data stream input rate (e.g., Write clock), thus 
maintaining a bit throughput across the datapath equivalent 
to the incoming data stream throughput. 

[0027] According to other aspects, each N-bit Word of 
input digital data is delineated into a ?rst portion and a 
second portion, the ?rst portion being a quantity of bits that 
is a multiple of M, and the second portion being a quantity 
of less than M bits. A plurality of ?rst portions (e.g., from 
each of X Words) are transmitted M-bits at a time. For 
example, a ?rst portion having M bits is transferred in one, 
M-bit group. A ?rst portion having 2M bits is transferred in 
tWo groups of M bits. Bits from a plurality of second 
portions are arranged (i.e., concatenated together) and trans 
ferred in at least one other bit group, each of the bit group(s) 
having at most M bits. For example, the second portions of 
all X Words joined together in an M-bit group for transmis 
sion. In another example, the second portions of all X Words 
joined together in an group for transmission, the group 
having less than M bits. In yet another example, bits from 
second portions of at least tWo of the X Words are arranged 
(i.e., concatenated, or joined together) as a group and 
transferred, the group having at most M bits. 

[0028] At the receiving end of the datapath, the transferred 
data is un-arranged back into N-bit Words. The process of 
un-arranging corresponds to the data arranging process at 
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the transmission end of the datapath. For example, bits of 
second portions are extracted from the transferred at least 
one additional (i.e., non-?rst portion) groups, and reas 
sembled to their respective ?rst portions in an appropriate 
order, to re-form respective N-bit data Words. 

[0029] According to other speci?c aspects of the present 
invention, X is an integer and is a function of the input data 
bitWidth, N, and the channel bitWidth, M. X is a multiple of 
the ratio M/(N-M) in one example implementation. In one 
more-particular example implementation, 10-bit input digi 
tal data is passed over an 8-bit channel, the digital data being 
arranged for transfer parsing X Word groups, X being a 
multiple of 8/(10-8)=8/4=4. Since the ratio results in an 
integer directly, groups of 4 input Words are arranged for 
transfer Where the input data has a bitWidth of 10 bits, and 
an 8-bit channel is used. 

[0030] According to a more speci?c example embodi 
ment, the circuit arrangement of the present invention 
includes a datapath having a Digital Visual Interface (DVI) 
interface portion. The DVI interface portion includes a DVI 
link, and is equipped With HDCP using the transition 
minimiZed TMDS signaling protocol to maintain the output 
data stream’s stable, average dc value. TMDS is imple 
mented by an encoding algorithm that converts 8 bits of data 
into a 10-bit, transition-minimized, dc-balanced character 
for data transmission over copper and ?ber-optic cables. 
Transmission over the DVI link is serialiZed, and optimiZed 
for reduced EMI across copper cables. Clock recovery at the 
receiver end exhibits high skeW tolerance, enabling the use 
of longer cable lengths, as Well as shorter loW-cost cables. 

[0031] In accordance With other aspects of the present 
invention, input digital data (e.g., a plurality of N-bit Words) 
is provided at a ?rst rate. According to one example imple 
mentation, input N-bit Word data is stored in X registers of 
a storage element such as a memory or buffer. Each location 
is adapted to store N-bits. An N-bit Word is thereby stored 
in each of the X locations. Portions of the N-bit Words are 
transferred in groups from the X locations at a second rate. 
In one example implementation, the second rate is at least as 
fast as the ?rst rate. In a further example implementation, the 
second rate is faster than the ?rst rate. In a still further 
example implementation, the second rate is N/M time faster 
than the ?rst rate. A ?rst portion of each of X 10-bit Words 
are transferred in a pre-determined sequence in one example 
implementation, for example in a sequence corresponding to 
an order by Which each of the X Words Was provided (e.g., 
Written to the storage element). 

[0032] According to a further general example embodi 
ment of the present invention, a ?rst quantity, X, of N-bit 
Words is arranged, in a ?rst storage element, for transfer 
across an M-bit datapath as described above, M being less 
than N. Transfer is accomplished in groups having at most 
M bits, as described above. Concurrently With transfer of 
data from the ?rst storage element (e. g., the ?rst portions and 
at least one other bit group derived from the second portions 
of the X Words), another quantity of X Words is arranged for 
transfer in another storage element. The input data stream is 
diverted to locations of the other storage element by a 
selecting device in one example implementation. The other 
quantity of X Words is subsequently transferred across the 
datapath using the same data-grouping techniques set forth 
above for transferring data across the datapath from the ?rst 
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storage element. If more data is pending transfer, concurrent 
With each data transfer operation from one storage element, 
X Words are provided into the other storage element. Con 
current transfer/provide operations alternate betWeen tWo 
storage elements in one example implementation. The pro 
cess continues to process an input data stream, alternating 
betWeen providing and arranging data for transfer in the ?rst 
storage element While transferring data from the second 
storage element, and arranging data for transfer in the 
second storage element While transferring data from the ?rst 
storage element. For each quantity of X Words, the second 
portions are extracted from the transferred at least one other 
bit group and joined to the corresponding transferred ?rst 
portions to reassemble the quantity, X, of N-bit Words. 

[0033] According to another example embodiment, the 
present invention is directed to an apparatus for passing 
N-bit Word data over an M-bit channel, M being less than N. 
The apparatus is adapted to parse each N-bit Word into a ?rst 
portion and a second portion. A ?rst circuit arrangement is 
adapted to transfer the ?rst portion of each of X Words in 
M-bit groups. A second circuit arrangement is adapted to 
transfer at least one other bit group, including bits from the 
second portions of at least tWo of the X Words. A receive 
circuit arrangement is adapted to extract the second portion 
from the transferred at least one other bit group, and join the 
second portion bits to the corresponding transferred ?rst 
portion for each of the X Words, thereby reassembling N-bit 
Words at the receiving end. 

[0034] FIG. 1 illustrates an example embodiment of a 
circuit arrangement 100 the present invention to transfer 
10-bit (“10-b”) digital data over an 8-bit (“8-b”) channel, the 
channel including a portion 110 implementing an 8-b DVI 
standard. Channel portion 110 includes a Transition Mini 
miZed Differential Signaling (TMDS) data link 120. Data is 
transmitted over the TMDS link by a TMDS transmitter 122, 
and received by a TMDS receiver 124, each being respec 
tively coupled to the TMDS link. A high-bandWidth digital 
content protection (HDCP) encoder 130 is coupled to the 
TMDS transmitter, and an HDCP decoder 134 is coupled to 
the TMDS receiver for encoding and decoding digital data 
respectively. 
[0035] A data source 140 (e.g., a ?at panel graphics 
controller) provides a plurality of 10-b digital data streams 
to be transferred to a data sink 150 (e.g., a digital, ?at panel 
display or CRT) through circuit arrangement 100. Red (R) 
video image information is carried on data stream 142, green 
(G) video image information is carried on data stream 144, 
and blue (B) video image information is carried on data 
stream 146. In an alternative implementation Y, U, and V 
signal information is respectively carried on three digital 
data streams. 

[0036] A sWitching, multiplexing, and clocking scheme is 
implemented using a junction box (JBOX) 160 on the 
transmitter side and its complement, an inverse JBOX 
(IJ BOX) 170 on the receiver side. The function of the JBOX 
is to disassemble each of the 10-b data streams communi 
cated via datapaths (e.g., 142, 144, and 146) into corre 
sponding 8-b data streams communicated via datapaths 162, 
164, and 166 respectively, that the standard DVI interface 
can easily transport Without modi?cations. On the receiver 
side, the 8-b data streams from the TMDS receiver via the 
HDCP decoder, are once again reassembled into respective 
10-b data streams. 
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[0037] Referring noW to FIG. 2, consider in example one 
of three (R, G, and B; or Y, U, and V) 10-b digital data 
streams shoWn in FIG. 1. JBOX 160 of circuit arrangement 
100 parses a plurality, X, of consecutive 10-b data Words 
into smaller 8-b groups for transfer. In one example imple 
mentation, a total of 40 bits are arranged into ?ve 8-b data 
groups, each of the ?rst four 8-b groups being the eight most 
signi?cant bits (MSBs) of one of the four 10-b Words. The 
last (?fth) 8-b group comprises the tWo least signi?cant bits 
(LSBs) from each of the four 10-b data Words. 

[0038] The 10-b Words are provided from data source 140 
(e.g., ?at panel graphics controller), coupled to a demulti 
plexer (“demux”) 280 via 10-bit datapath 142. Demulti 
plexer 280 is coupled to a ?rst buffer (buffer 0) 290, and a 
second buffer (buffer 1) 295. Sequential 10-b Words are 
provided into ?rst buffer 290, and subsequently to second 
buffer 295. The buffers each include X 10-b registers, in this 
implementation four 10-b registers, registers 291, 292, 293 
and 294 in the ?rst buffer, and registers 296, 297, 298 and 
299 in the second buffer. Each of the registers is adapted to 
store one 10-b data Word. Register 291 is register 0 of buffer 
0; therefore the 10 bit locations of register 291 can be 
referenced as reg00[9:0], connoting bits Zero through nine of 
register Zero Within buffer Zero. Similarly, reg13[9:0] con 
notes bits Zero through nine of register three (i.e., register 
299) Within buffer one (i.e., buffer 295). 

[0039] The magnitude of X is designed based upon the 
relative difference betWeen the input data stream bitWidth 
and the datapath bitWidth. For greatest ef?ciency, X is 
selected to be a multiple of M/(N-M), for example the 
smallest multiple of M/(N-M) that is an integer, so that bits 
extracted from second portions can be grouped into M-bit 
groups. Datapath capacity is Wasted, therefore transfer ef? 
ciency is reduced, if bits extracted from second portions are 
grouped having less than M-bits. In the embodiment illus 
trated in FIG. 2, M is 8 and (N-M) is 2, therefore M/(N-M) 
is 8/2, or 4. This is also the loWest multiple (1x) that is an 
integer. HoWever, for a 7-bit channel, M/(N-M) is 7/3, or 
2.33. The loWest multiple that is an integer is 3x, or 7. 
Therefore implementing the storage elements having 7 loca 
tions is most efficient. 

[0040] Within buffer 290, register 291 is selected by 
demux 280 for ?lling, then register 292, and so on in an 
order indicated by arroWheads A0, B0, C0, and D0 for buffer 
290. The data paths for ?lling the registers of buffer 295 are 
similarly referenced to indicate an example implementation 
having sequential buffer ?lling. Through demux 280, buffers 
290 and 295 are sequentially ?lled from a single 10-b data 
stream. Buffers 290 and 295 are optionally ?lled in another 
?xed order, requiring reassembly operations at the receiving 
end of the datapath to correspond to the particular order. 

[0041] The data in each register is delineated into ?rst and 
second portions, a most-signi?cant bits portion (MSB) 282, 
and a least-signi?cant bits (LSB) portion 284, for example. 
Delineation can be physically-implemented, or logically 
implemented according to bit address. For example in 
another example implementation, each buffer is a single 
40-b element, and ?rst and second portions are delineated 
logically by address, or some other identi?cation tracking 
technique. Buffers 290 and 295 need not be discrete ele 
ments, and may be implemented in a variety of con?gura 
tions including allocated address locations Within a larger, 
multi-purpose memory structure. 
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[0042] Data is provided to the circuit arrangement of the 
present invention at a ?rst rate. For example, data is stored 
or Written into buffers 290 and 295, through demux 280, at 
a ?rst rate according to a ?rst clock signal, CLK1, received 
on ?rst clock signal path 205. One buffer, for example buffer 
290, is ?lled ?rst. Once one buffer is ?lled, data transfer 
operations from the ?lled buffer (e.g., buffer 290) execute 
concurrently With ?lling operations into the other buffer 
(e.g., buffer 295). Data transfer from buffer 290 is complete 
in the time necessary to ?ll buffer 295, so that once buffer 
295 is ?lled, demux 280 can once again select buffer 290 for 
?lling Without unnecessary delay. Data is transferred from 
buffer 295, and buffer 290 is re-?lled concurrently. The 
concurrent ?ll/transfer operations proceed continuously, 
alternating ?ll/transfer operations betWeen the tWo buffers. 
In another example embodiment, only one buffer is used 
With some delay betWeen ?lling and transfer operations as 
necessary for coordination of the ?ll/transfer operations. In 
another example embodiment, a single buffer is imple 
mented, and concurrent ?ll/transfer operations alternate 
betWeen tWo portions of the single buffer. In yet another 
example embodiment, more than tWo buffers are used to 
prevent data over?oW, the buffer ?lling/data transfer opera 
tions being coordinated in a manner similar to that described 
above, but in a round-robin, rather than alternating order. 

[0043] In the example embodiment illustrated in FIG. 2, 
data is transferred out of buffer 0 in a pre-de?ned order, as 
is indicated in FIG. 2 by arroWheads a0, b0, c0, d0, and e0. 
As illustrated, the ?rst portion of register 291 is the eight 
MSBs stored in reg00[9:2], and the second portion is the tWo 
LSBs stored in reg00[1:0]. Recalling that the doWnstream 
datapath (i.e., HDCP encoder 130 and beyond) has a bit 
Width of eight, the ?rst portion of register 291 is transferred 
?rst, folloWed by the ?rst portions of registers 292, 293, and 
294 respectively as indicated by arroWheads a0-d0. Another 
bit group is formed using bits from the second portions 284 
of the data stored in the registers of buffer 290. As indicated 
in FIG. 2, the second portions are concatenated together 
(“{]>” connotes concatenation) to form an 8-b Word for 
transfer over the doWnstream 8-b datapath. 

[0044] As Will be appreciated by those skilled in the art, 
the ?lling/transferring operations are decoupled via buffers 
290 and 295. The speci?c order by Which the 8-bit groups 
transferred from buffer 290 is secondary to maintaining 
correspondence betWeen respective ?rst and second portions 
throughout parsing and re-assembly operations. For example 
in another example embodiment of the present invention, the 
order of transfer is the ?rst portion of register 294, then 293, 
292, 291, and ?nally, the 8-b Word formed from the second 
portions. In yet another example embodiment, the second 
portions are transferred before transferring the ?rst portions. 
The various orders by Which parsed groups may be sent, are 
simply matched at the receiving end of the datapath With an 
appropriate re-assembly routine to sort and reassemble N-bit 
Words, then pass them along in the order they Were initially 
received. 

[0045] Data from each of the registers of buffer 290, plus 
the second portion concatenation, are sequentially selected 
by multiplexer (“mux”) 286 for transfer and coupled through 
to mux 288. Similarly, data from each of the registers of 
buffer 295, plus the second portion concatenation, are 
sequentially selected by mux 287 and coupled through to 
mux 288. Mux 288 is coupled via datapath 162 and HDCP 
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encoder 130 to the bitWidth-limited doWnstream datapath 
(e.g., TMDS data link 120). Muxes 286, 287, and 288 are 
operated according to the transfer clock signal, CLK2, 
received via transfer clock signal path 208. 

[0046] The “ping-pong” timing mechanism, used to pro 
cess subsequent groups of four 10-b input Words, utiliZes 2 
separate clocks in the example embodiment illustrated. The 
clocks have a ?xed frequency ratio. Four 10-b data Words 
are clocked according to the sloWer CLK1 signal into the 
JBOX, and are collected in one buffer (e.g., buffer 290) in 4 
cycles. HoWever, ?ve 8-b groups must be clocked out of 
buffer to transfer all the information contained in the four 
10-b data Words. The ?ve 8-b groups are read out of buffer 
290 using faster clock signal, CLK2. These 8-b data groups 
are streamed into the standard DVI interface. 

[0047] The buffer-?ll rate (e.g., clock signal CLK1) time 
period is denoted as T1, and the transfer rate (e.g., clock 
signal CLK2) time period is denoted as T2. To prevent 
overWriting a buffer during transfer operations, or transfer 
ring incorrect data, buffer ?ll and transfer operations are 
designed to have the same duration. Therefore, 4><T1 must 
equal 5><T2, thereby implying a clock time period ratio 
T1/T2=5/4. Denoting the frequency by F1 for buffer-?ll rate, 
and F2 for transfer rate, and noting that frequency is de?ned 
as the inverse of period (i.e., F=1/T), T1/T2=(1/F1)/(1/F2)= 
F2/F1=5/4=1.25. Therefore, the transfer rate (e.g., clock 
signal CLK2) must be 1.25 times faster than the buffer-?ll 
rate (e.g., CLK1). This ratio is easily implemented using a 
fractional-frequency multiplier. 

[0048] FIG. 3 illustrates timing relationships betWeen the 
clock signal for data-providing operations 320, and the clock 
signal used for data transferring operations 330 in one 
example embodiment. A phase alignment WindoW 310 
includes 4 cycles of CLK1320, and 5 cycles of CLK2. The 
phases of the tWo clock signals are aligned using a phase 
aligner in one example arrangement, so that the clock edges 
line up every 4 cycles of T1, and 5 cycles of T2, Within the 
phase-alignment WindoW. 

[0049] Upon initially receiving data in one of the buffers, 
290 or 295, transfer from the buffer (e.g., reading of the 
buffer) is started only after a Write logic control (not shoWn) 
signals to a read logic control (not shoWn) that suf?cient data 
is available in the ?lled buffer to commence transfer (i.e., 
read) operations. Once read operations start, read operations 
proceeding according to the transfer clock signal CLK2 and 
Write operations proceeding according to the providing 
clock signal CLK1 for a particular buffer continuously. A 
constant time interval is maintained therebetWeen. 

[0050] Transfer (e.g., read) operations from a buffer may 
commence some delay period after data is provided (e.g., 
Written) to a buffer, to assure that transfer operations do not 
overtake buffer-?ll operations. In one implementation, trans 
fer operations occur after all buffer registers are full. In 
another implementation, transfer operations occur after one 
or more registers of a buffer contain data. Transfer opera 
tions may be commenced beginning at one of four possible 
CLK1 clock edge positions Within a phase-alignment Win 
doW. The transfer includes a Write in the CLK1 clock domain 
and a read in the CLK2 clock domain. Synchronization of a 
read-start signal from the CLK1 clock domain to the CLK2 
clock domain is necessary to reduce the chances of meta 
stability. Double-registering of the read-start control signal 
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provides clock-domain synchronization Without need for 
pulse-stretching since the transfer is from a relatively-sloWer 
clock domain to a relatively faster clock domain. 

[0051] A further synchronization mechanism is imple 
mented via double buffering, the “ping-pong” alternation 
betWeen the tWo buffers, 291 and 296 in FIG. 2. While data 
is transferred from one buffer (e.g., data is being read from 
the buffer), neW data is being provided to the other buffer. 
Double buffering using a plurality of buffering arrangements 
prevent transfer operations from con?icting With buffer-?ll 
operations, including ensuring that the transfer operations 
Will neither surpass the data-providing operations, attempt 
ing to transfer data that has not yet been provided, nor Will 
transfer operations fall too far behind in the alternating 
operation of the circuit arrangement of the present invention 
Whereby data is overWritten in a buffer location for example, 
before previous data at that buffer location is transferred out 
of the buffer to the datapath. The combination of double 
registering and double-buffering Works because the transfer 
clock domain is relatively faster than the buffer-?ll clock 
domain. In one example implementation, the percentage 
difference betWeen the ratio of the tWo clock domain fre 
quencies is exactly equal to the ratio of the transfer bitWidth 
to the transfer bitWidth. Alatency of 2 cycles results from the 
double registering for clock domain synchroniZation of the 
read-start control signal, so that raising the read-start ?ag (to 
initiate transfer operations) coincident With data being pro 
vided (e.g., Written) into the second register (reg01) of buffer 
0, delays transfer (e.g., reading) of the ?rst group of data 
until approximately the same time that buffer 0 is almost 
full. 

[0052] Together, asserting a read-start signal at the same 
time that the second register in a buffer is provided With neW 
data in clock domain CLK1, and the approximately 2 cycle 
double registering delay for the read-start signal to get 
synchroniZed and recogniZed in clock-domain CLK2 in 
order to initiate the read operation, ensure that the transfer 
operations never con?ict With buffer-?ll operations. FIGS. 
4-8 respectively illustrate that transfer operations may be 
successfully commenced at any of the four possible CLK1 
clock edge positions Within a phase-alignment WindoW 
(clock domains having T1/T2=5/4 are illustrated). 

[0053] Accordingly, various embodiments of the present 
invention can be realiZed to provide faster addition for a 
series of signed and unsigned binary arithmetic executed, for 
example in video signal processing, cryptography, and other 
computer-implemented control applications, among others. 
Generally, the circuit arrangements and methods of the 
present invention are applicable Wherever an ALU might be 
used. Although particularly useful and helpful exchanging 
10-b data betWeen a high-resolution device and a standard 
consumer-electronics appliance including a standard DVI 
interface, the ?exibility inherent in the methodology 
described herein facilitates transporting any N-bit data over 
an M-bit interface, Where N>M. The various embodiments 
described above are provided by Way of illustration only and 
should not be construed to limit the invention. Based on the 
above discussion and illustrations, those skilled in the art 
Will readily recogniZe that various modi?cations and 
changes may be made to the present invention Without 
strictly folloWing the exemplary embodiments and applica 
tions illustrated and described herein. Such modi?cations 
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and changes do not depart from the true spirit and scope of 
the present invention that is set forth in the folloWing claims. 

What is claimed is: 
1. A method of passing N-bit Word data over an M-bit 

channel, M being less than N, each N-bit Word having a ?rst 
portion and a second portion, the method comprising: 

transferring the ?rst portion of each of X Words in M-bit 
groups, X being at least tWo; and 

transferring at least one other bit group, the at least one 
other bit group including bits from the second portions 
of at least tWo of the X Words. 

2. The method of claim 1, further comprising: 

joining, for each of the X Words, the second portion to the 
corresponding transferred ?rst portion, the second por 
tion being extracted from the transferred at least one 
other bit group. 

3. The method of claim 1, Wherein the ?rst portion 
includes M bits of encoded information, and the second 
portion includes encoding information. 

4. The method of claim 3, Wherein the second portion 
further includes DC content balancing information. 

5. The method of claim 3, Wherein N is 10, M is 8. 
6. The method of claim 5, Wherein the M-bit channel 

includes a Digital Visual Interface (DVI) portion. 
7. The method of claim 5, Wherein the ?rst portion is a 

most-signi?cant bits portion, and the second portion is a 
least-signi?cant bits portion. 

8. The method of claim 1, Wherein the ?rst portion is a 
most-signi?cant bits portion, and the second portion is a 
least-signi?cant bits portion. 

9. The method of claim 1, Wherein the ?rst portion is a 
least-signi?cant bits portion, and the second portion is a 
most-signi?cant bits portion. 

10. The method of claim 1, Wherein X is an integer and 
multiple of M/(N-M). 

11. The method of claim 10, Wherein X is 4. 
12. The method of claim 1, Wherein the bit-length of the 

?rst portion is an integer multiple of M. 
13. The method of claim 1, Wherein the bit-length of the 

second portion is less than M. 
14. The method of claim 1, further comprising storing the 

N-bit Word data in X locations at a ?rst rate, each location 
being N-bits Wide, Wherein each N-bit Word is stored in one 
of the X locations, and transferring includes reading from 
the X locations at a second rate, the second rate being faster 
than the second rate. 

15. The method of claim 1, Wherein the at least one other 
bit group includes M bits. 

16. The method of claim 1, further comprising arranging 
for transfer the N-bit Word data at a ?rst rate, Wherein 
transferring is at a second rate, the second rate being at least 
as fast as the ?rst rate. 

17. The method of claim 16, Wherein the second rate is 
faster than the ?rst rate. 

18. The method of claim 16, Wherein the second rate is 
N/M times faster than the ?rst rate. 

19. The method of claim 16, Wherein the ?rst portion of 
each of X Words are transferred in a sequence corresponding 
to an order by Which each of X Words Was provided. 

20. The method of claim 1, further comprising: 

arranging for transfer X N-bit Words in a ?rst storage 
element; and 
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arranging for transfer, While transferring the ?rst portion 
of each of X Words and at least one other bit group, 
another X N-bit Words in another storage element. 

21. The method of claim 20, further comprising: 

for each of the X Words, joining the second portion to the 
corresponding transferred ?rst portion, the second por 
tion being extracted from the transferred at least one 
other bit group. 

22. An apparatus for passing N-bit Word data over an 
M-bit channel, M being less than N, each N-bit Word having 
a ?rst portion and a second portion, comprising: 

means for transferring the ?rst portion of each of X Words 
in M-bit groups; and 

means for transferring at least one other bit group, the at 
least one other bit group including bits from the second 
portions of at least tWo of the X Words. 

23. The apparatus of claim 22, further comprising: 

means for joining, for each of the X Words, the second 
portion to the corresponding transferred ?rst portion, 
the second portion being extracted from the transferred 
at least one other bit group. 

24. The apparatus of claim 22, further comprising means 
for storing the N-bit Word data in X locations at a ?rst rate, 
each location being N-bits Wide, Wherein each N-bit Word is 
stored in one of the X locations, and transferring includes 
reading from the X locations at a second rate, the second rate 
being faster than the second rate. 

25. The apparatus of claim 22, further comprising means 
for arranging for transfer the N-bit Word data at a ?rst rate, 
Wherein transferring is at a second rate, the second rate being 
at least as fast as the ?rst rate. 

26. The apparatus of claim 22, further comprising: 

means for arranging for transfer X N-bit Words in a ?rst 
storage element; and 

means for arranging for transfer, While transferring the 
?rst portion of each of X Words and at least one other 
bit group, another X N-bit Words in another storage 
element. 
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27. A apparatus for passing N-bit Word data over an M-bit 
channel, M being less than N, each N-bit Word having a ?rst 
portion and a second portion, comprising: 

a ?rst circuit arrangement adapted to transfer the ?rst 
portion of each of X Words in M-bit groups; and 

a second circuit arrangement adapted to transfer at least 
one other bit group, the at least one other bit group 

including bits from the second portions of at least tWo 
of the X Words. 

28. The apparatus of claim 27, further comprising: 

a receive circuit arrangement adapted to join, for each of 
the X Words, the second portion bits to the correspond 
ing transferred ?rst portion, the second portion bits 
being extracted from the transferred at least one other 
bit group. 

29. The apparatus of claim 27, further comprising a 
storage element adapted to store the N-bit Word data in X 
locations at a ?rst rate, each location being N-bits Wide, 
Wherein each N-bit Word is stored in one of the X locations, 
and transfer includes reading from the X locations at a 
second rate, the second rate being faster than the second rate. 

30. The apparatus of claim 27, further comprising another 
circuit arrangement adapted to arrange for transfer the N-bit 
Word data at a ?rst rate, Wherein transferring is at a second 
rate, the second rate being at least as fast as the ?rst rate. 

31. The apparatus of claim 27, further comprising: 

a circuit arrangement adapted to arrange for transfer X 
N-bit Words in a ?rst storage element; and 

a circuit arrangement adapted to arrange for transfer, 
While transferring the ?rst portion of each of X Words 
and at least one other bit group, another X N-bit Words 
in another storage element. 


